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A fast increase of greehouse gas concentrations
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CO, monitoring from
remote to urban site

French network for Greenhouse gases (LSCE)
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Fo 14CO, observations : a proxy to infer fossil fuel emissions
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Human Perturbation of the Global Carbon Budget

2000-2008
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ert Natural CO, sinks : a 55% discount on climate change
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- Oceanic and land sinks correspond to the difference between emissions and
atmospheric accumulation
- Only 459, of fossil fuel emissions accumulate in the atmosphere



ert Natural CO, sinks : land & ocean contributions
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¢t Fate of Anthropogenic CO, Emissions (2000-2008)

Le Queré et al. 2009, Nature-geoscience; Canadell et al. 2007, PNAS, updated

Long-term stability of the natural sinks ?



&t Annual map of surface CO, emissions due to fossil fuel use
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Number of Country Cumulative
Countries Fraction
1 China 232 i
2 USA 419
3 India ATT
4 Russia 930
5 Japan 973
6 Germany .599
/ Canada  .617
3 UK 0633
9 South Korea  .652
10 lran  .668
20 Poland .800
50 005y Belarus 941
100 (2005) Moldova  .992
210 0

Gregg Marland, CDIAC 2009

Cumulative Fraction of Total FF Emissions 2008 M-

Carbon

U :

|3 countries

50% Global Emissions

10 countries

2/3 Global Emissions

Top 5+ EU

80% Global Emissions



Cumulative Fraction of Total FF Emissions 2008 fCO:b\

ert ‘ on
Number of  Country Cumulative \/
Countries Fraction
1 Sl 2032 I 3 countries
i 2 USA 419 " 50% Global Emissions
1 American 3 Ind|a. ATT |
4 Russia 930
emits 5 Japan 573 | 10 countries
2/3 Global Emissions
2 times more CO, 6 Germany 999
than a European I Canada  .617
; 8 UK 633
4 9 South Korea 652
5 times more CO, 10 lran  .668 ]
than a Chinese 20 Poland 800 [ TRt

80% Global Emissions

50 200y Belarus 941
100 005) Moldova  .992
210 1.00 Gregg Marland, CDIAC 2009



Carbon
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Global Carbon Project 2009; Le Quéré et al. 2009, Nature-geoscience; Data: Peters & Hetwich
2009; Peters et al. 2008; Weber et al 2008; Guan et al. 2008; CDIAC 2009
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Carbon associated to products build in China but used in developed countries
should be attributed to the latter.

Global Carbon Project 2009; Le Quéré et al. 2009, Nature-geoscience; Data: Peters & Hetwich
2009; Peters et al. 2008; Weber et al 2008; Guan et al. 2008; CDIAC 2009
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Drivers of Anthropogenic Emissions -
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Divided by 2 means divided by 5 in fact ?



at Accounting for all GHG do matter

CO, natural sink

CO, natural sink only + CH. & N.O emissions
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Accounting for all GHG changes continental Europe from a net sink to neutral
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ert Direct measurements of GHG fluxes
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® Flux towers with eddy correlation measurements
(CO,). Typical fetch 1 km? oz

Local scale



Fe 38 Inferring surface fluxes only with observations:
Radon method

® Downwind simultaneous measurements of a gas
and of Radon-222 (natural radioactive gas)

® Assuming colocation of sources and a perfect
knowledge of Rn222 emissions allows to derive the
unknown gas flux :




. lllustration at Saclay

Low COZ2 lowRn, | High CO2 High Rn,
High ML height | low ML height
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et Inferring surface fluxes only with observations: 2 sites

Climate-KIC

e Upwind & Downwind measurements of a GHG

® Assuming or measuring the mixing layer height (h)
allows to derive the unknown gas flux :

- F, ~AC_h

gas




» An atmospheric network to constrain GHG emissions from Paris

Uwind and downwind stations

Haute-Normandie,'
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Xueref, pers. Comm.



e% Inferring surface fluxes using inverse modelling
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ert Global inversion
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« Low resolution model 3.75°x2,5° (LMDZ model)

» Analysed meteorology (ECMWF)

» Land surface CO2 fluxes: ORCHIDEE
 anthropogenic fluxes: EDGAR inventory

« 1 year of atmospheric inversion (analytical method)

CO, flux anomaly
for summer 2003
(heat wave in Europe)

B T  Peylin, pers. Comm.
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ert Regional inversion

Climate-KIC

High resolution model 2,5x2,5 km? (AROME ou Meso-NH + LPDM)
Urban meteorology(TEB: V. Masson, CNRM/GAME)

Land surface CO2 fluxes: ORCHIDEE-STICS, CERES-EGS
anthropogenic fluxes: CITEPA HR

1 year of atmospheric inversion (vatiational assimilation)

Estimation of CO2 fluxes and of the error reduction due to observations

Landes Region (south west of France)

1.EE 414 E592 o04 1180

CO2 variability in May 2005
Lauvaux et al., 2009 Lauvaux et al., 2007
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* Limit Temperature increase to +2 deg to avoid irreversible
damages

* Implies a 25 to 40% reduction in GHG for industrial countries by
2020

* World emissions will have to be divided by 2 by 2050 (while world
popultaion will have increased by a factor 2)

 Implies a reduction of 85% by industrial countries by 2050 to allow
for poor countries development

» -20% emissions (-30 if post Kyoto agreement)
» 20% increase in energy efficiency
» 20% renewable energy
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® -8% in GHG emissions in Europe 15, over period 1990-2012. For
France, stability of emissions.
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® 2000 National Program against climatic change (PNLCC).

¢ 2003 Factor 4 between 1990 and 2050; law past in july 2005 under the
form 3% reduction per year

® 2004 French Climate Plan: Scenarios for 2050. Transport, Buildings,
Industry, Agriculture, Air conditioning, Plans climats territoriaux

® Nov 2006 Second climat plan. Respecting Kyoto, level of 1990 for Fr.
Carbon tax, labelling, alternative mobility, biofuels, energy efficient
buildings.

® 2007 Grenelle de I'environnement more ambitious objectives.
Scenarios for 2020 compatible with 3x20 and factor 4.

® Dec 2008 « Paquet Energie Climat » -14% between 2005 and 2020 for
emissions not covered by quotas

® Dec 20009 first Climat Plan at territorial level signed (North of France)
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MteqCO2 Delta Delta | Comments
1990-20 | 2005-20
20 20
France: National Climat 565 558 437 -22,8% -21,8% Grenelle
Plan Fr: -14% no quota

emissiosn (Paquet); -21%
on quota emissions (UE

objectif)
Fr: Sectors not 408 333 -18,3% EU objectif -10,5%
submited to quotas
(housing, transport, ...)
Fr: Industry under 150 104 -31,4% EU Objective -21%
quota emissions
« Paquet Energie -14%  Voted Dec 2008
Climat »

EU 5564 5144 4451 -20% -13,5%
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Knowledge &
Innovation

Climat Plan in France:
Projection in GHG
reductions Kyoto
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ert French Climat Plan
Per sectors
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MteqCO2 %
Delta 2020-200
2020-2005 5
Residential 55 MteqCO2 - 569, Low energy or
positive building
Renovation
Industry 47 MtegCO2 - 319, EU quota
Energy 31 MteqCO2 - 429, Renewable energy
Increased
efficiency

Coal factory closed

Transport 15 MteqCO2 - 119 Alternative
transport
Vehicle emisssions
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® Climat and energy territorial plans mandatory under Grenelle
law (art 26-2) for regions over 50 000 inhabitants; to be adopted
before end 2012

® Regional schemes for climat and energy to insure strategic
national coherence

® Ex Thur Doller region in Alsace, 486 Km2, 65 000 inhabitants,
48 townships. 11 to 15 KtCO2/year in phase with factor 4
strategy; 3 year project (energy efficiency, quality of life,
Imporved habitat, economic det: eco-construction.

State of emissions in 2003: 620 KtCO2 (37% industry, 31%
transport, 25% residential)
Efforts by citizens, industrials, local authorities
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Take-home messages

Carbon cycle is a key component of the earth system, with challenging
uncertainties and feedbacks (e.g. climate-carbon feedback)

Natural CO, sinks have provided a 55% discount on climate change.
For how long?

All GHG are important to consider: H,O (feedbacks), CO,, CH,, O,, CFCs.

Atmospheric observations of GHG can help estimating and verifying carbon
emissions at various scales, from regional to global.

The link between scientific results and potential end-users is to be built through
the creation of new carbon products, e. g.: high resolution flux maps, integrated
systems for regional flux estimates & verification, ecological carbon indicators,
tools to attibute emissions to natural or anthropogenic sources, ...

International, national, and regional reglementation will put increasing constraints
on the reliability of carbon products, stressing the importance to define them
precisely in the next years

This challenge is yours !



ert A bit of methane also ...
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et Evolution of atmospheric methane (surface)

Low growth rate period
1991-1996

Pinatubo,

USSR collapse
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Stabilisation period
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Fossil Fuel Emissions: Actual vs

. IPCC Scenarios
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O S T GDP: -1.1%
- C intensity: -1.7%
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Raupach et al. 2007, PNAS, updated; Le Quéré et al. 2009, Nature-geoscience; International Monetary Fund 2009



ot Climate model evolution
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Mid-1970s Mid-1980s Early-1990s Late-1990s Present day Early 2000s?




&t Climate-carbon feedback : OFF
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ert Climate-carbon feedback : ON
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Anthropogenic
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et Results : atmospheric CO, increase and temperature
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More spread in Temperature (tendancy to increase more), most models predict a
positive feedback on temperature (less carbon uptake)



Human Perturbation of the Global Carbon Budget

2000-2008
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